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Parasitological studies in the hybrid zone between Mus musculus musculus and

M. m. domesticus (sensu Auffray et al. 1990 and Boursot et al. 1993) showed that the re-

sistance to oxyuroids (Aspiculuris tetraptera Schulz, 1924 and Syphacia obvelata Rudolphi,

1802) is determined by different genetic Systems in each subspecific genome (Sage et al.

1986; Moulia et al. 1991, 1995). These studies underlined that pinworms may constitute

good markers to distinguish between recently evolved groups such as chromosomal races.

This study focuses on chromosomal races of the house mouse occurring in northern

Scotland and in the Orkney archipelago (Fig. 1). Previous cytogenetic analyses in north-

ern Scotland (Searle 1991; Searle et al. 1993) have demonstrated a staggered hybrid

zone between a chromosomal race homozygous for metacentrics Rb(4.10), Rb(9.12),

Rb(6.13), and Rb(11.14) (2n = 32) and the Standard race (2n = 40). In the center of this

zone most individuals are homozygous for two metacentrics Rb(4.10) and Rb(9.12)

(2n = 36) (Fig. 1). As this 36-chromosome karyotype is common over a large area

(100 km2
), it has been suggested that these individuals may constitute a distinct third

chromosomal race (Searle et al. 1993). Two alternative scenarios may explain the distri-

bution of these three races. One is that the 36-chromosome form originally occupied the

county of Caithness, within which the 32-chromosome race arose in the North-eastern

part of this ränge, as a result of the fixation of two new metacentrics. The second scenario

proposes that the 36-chromosome race arose by "zonal raciation" (Searle 1991, 1993) fol-

lowing a secondary contact between the 32-chromosome and the Standard races.

Chromosomal races are also found on three islands of the Orkney archipelago (Adolph
and Klein 1981; Berry et al. 1992): Westray (2n = 36; homozygous for Rb(4.12) and

Rb(6.14), Eday (2n = 34; homozygous for Rb(3.14), Rb(4.10) and Rb(9.12)) and Faray

(2 n = 34-36; homozygous for Rb(3.14) and Rb(9.12), Polymorphie for Rb(4.10) (Fig. 1).

Genetic investigations suggest that the various Scottish chromosomal races (mainland and

islands) are probably closely related and share a commonorigin (Nash et al. 1983).

Here we report the first attempt to distinguish between chromosomal races of the

house mouse (M. m. domesticus) using a parasitological approach.

One hundred and sixty-six house mice from the three mainland races were collected

during two field trips (24 March-10 April and 15-23 September 1992; Fig. 1; for further

details see Ganem et al. 1996). Eighty seven animals from four island populations (Papa-

Westray, Sanday, Eday, Westray; Fig. 1) were trapped during late February- April 1992.
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Fig. 1. Geographie location of the different chromosomal zones described in this study. The mice from

mainland Scotland used for the parasitological analysis came from the sites marked by closed circles.

Pooled localities are indicated and their mean diploid provided. Mice with reduced chromosome num-

bers are almost completely limited to Caithness, which forms a boundary with Sutherland along a line

approximately between Melvich and Helmsdale.
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Only adults were kept in the laboratory to study behaviour (Ganem and Searle 1996 a, b)

and parasitology (this study). They were maintained in male-female pairs for 3-4 months
in the same animal room and under standardised conditions. Because pregnancy may
modify the immune and parasitological State, females that became pregnant were ex-

cluded from the parasitological study. When mice were killed, their karyotypes were pre-

pared. The intestines of each mouse were dissected and the nematodes isolated under a

binocular microscope. Parasite loads were estimated by counting all oxyuroids without

distinguishing species.

Data on parasite loads were log-transformed for homoscedasticity (Bartlett's test:

X
2 = 2.26, d. f. = 5, p < 0.01). An analysis of variance was applied to the transformed data

and a Student-Newman-Keuls (SNK) test was used as a posthoc test for multiple compari-

sons between samples (Scherrer 1984; Sokal and Rohlf 1995).

Mainland and island mice were divided into three groups according to their karyotype

(mainland: 2 n = 32, 2 n = 36, 2 n = 40; islands: 2 n = 34, 2 n = 36, 2 n = 40). Differences be-

tween karyotypes from mainland and island samples were tested separately. A three-way

Anova with karyotype, season, and sex as main factors showed a significant effect of kar-

yotype on the mainland (F 2 ,i54 = 10.5, p = 0.0001): mice of the 36-race displayed the low-

est parasite load and mice from the 32 and 40-races the highest (SNK post-hoc tests: 36-

40: p < 0.01; 36-32: p < 0.01; 40-32: p > 0.05; Fig. 2 a). Similarly, within the island sample,

mice of the 36-race showed the lowest parasite load (F 2j 8i = 11.6; p = 0.0001; 36 i—40 i:

p < 0.05; 36 i—34 i: p < 0.01; 34 1^10 i: p > 0.05; Fig. 2 b). However, a sex effect was detected

in the island sample (F 18 i
= 10.4, p = 0.002) due to a lower parasite load in the standard-

type females than in the males (t = 2.46, d. f. = 35, p = 0.02; Fig. 2 b). Nevertheless, on aver-

age, both mainland and island Standard race mice show similar susceptibilities (t = 0.02,

d. £ = 115, p> 0.05).

The long period of laboratory standardisation is believed to minimise environmental

effects (i.e. site, season) on the parasitological State of each individual. Indeed, even if

housed in different cages, mice are easily contaminated by pinworm eggs from infested in-

dividuals occurring in the same room. Moreover, the oxyuroids have a direct cycle with

pre-patent periods no longer than three weeks. Therefore, during the 3-4 month period in

the laboratory, each mouse could have been challenged to several reexposures to these

parasites (Scott and Gibbs 1986). The fact that there was no seasonal Variation between

the mainland samples (F 1>154 = 2.1, p > 0.05) strongly supports this proposal. Thus, our re-

sults reflect to a large extent the occurrence of Variation in resistance to pinworms in the

different chromosomal races of the house mouse in northern Scotland.

Only one race (the island standard-type) displays sex differences in its infestation lev-

el due to a higher parasite load in the males. Such a phenomenon has been reported,

although in a different context, for other wild rodent populations (Behnke 1975). In the

present study, the sample size may not have been sufficient to detect such microvariation

within the other races. However, given that male-enhanced susceptibility can depend on

the immunomoduling effect of testosterone (Alexander and Sttmson 1988; Zuk 1990),

an additional hypothesis may be that male mice in the two island standard-race popula-

tions have higher basal levels of testosterone than those in the other populations. A more
detailed study should clarify this point.

The most striking result of this study concerns the resistance of the 36-chromosome

races when compared to the Standard and 32- or 34-races. Among the two scenarios ex-

plaining the origin of the 36-chromosome mainland race, the parasitological results are

consistent with a hybrid origin. The reduced susceptibility to pinworms of this race would

be related to "outbreeding vigour" due to the increased polymorphism generated by di-

vergence of the parental races. These results contrast with the enhanced susceptibility of

hybrids between M. m. domesticus and M. m. musculus (Moulia et al. 1991, 1993), but do

not contradict it. In this case, the apparent "outbreeding depression" would result from
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Fig. 2. Mean (+/- s. e.) parasite load (P. L.) of each sample of chromosomal race. 2 a: mainland Scotland:

male ( # ) and female () P. L. are shown independently (non-significant difference). 32, 36, 40 refer to

32-, 36- and 40-chromosome races respectively. 2b: Orkney's islands: male (#) and female () P. L. are

shown independently (significantly different, see text); 34 i, 36 i et 40 i refer to 34-, 36- and 40-chromo-

some island races.

the accumulation of incompatible alleles in the two subspecies (Orr 1995). Additional

support for the hybrid origin hypothesis is provided by the intermediate pattern in behav-

ioural divergence shown by the mainland 36-chromosome race when compared to the

other two mainland races (Ganem and Searle 1996 a, b).

The alternative hypothesis, i. e. the 32-race arose within the 36-race, is much less likely

since it would imply that the 32-chromosome mice developed a higher susceptibility than

the putative parental mice and yet still managed to prosper and expand their ränge.

The similarities in parasite resistance between both the mainland and the island 36-

races is puzzling. Indeed, the two races occupy different geographic areas and share only

one metacentric, Rb(9.12), which is also present in the other chromosomal races analysed

in this study. Even if the various Scottish chromosomal races share a common origin

(Nash et al. 1983; Davis 1983), the mainland and island 36-chromosome mice have most

likely experienced different histories, suggesting that parasite resistance in these two races

most likely evolved through different evolutionary processes. One possible explanation

lies in the founding of the initial Westray 36-chromosome population by resistant individ-
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uals. Alternatively, resistance to pinworms in this island chromosomal race may have

arosen through a hybridisation event as in the mainland 36-race. To determine the origin

of resistance in these mice will require extending the parasitological analysis to other is-

land populations of the archipelago and clarifying the genetic relationships of these mice

using molecular markers.

Although, these preliminary results need to be confirmed by controlled infestations in

laboratory, they do suggest that the parasitological approach may open new perspectives

in the field of chromosomal evolution.
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